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(57) ABSTRACT

A method of spawning a digital island 1n a three-dimensional
environment 1s disclosed. Data describing a three-dimen-
sional environment 1s accessed. The data 1s partitioned 1nto
a plurality of contexts based on properties 1dentified in the
data, the properties corresponding to surfaces or objects 1n
the three-dimensional environment. One or more values of
one or more traits corresponding to a context of the plurality
of context are identified. A digital 1sland 1s matched to the
context. The matching includes analyzing one or more
conditions associated with the digital 1sland with respect to
the one or more values of the one or more traits correspond-
ing to the context. Based on the matching, the spawning of
the digital i1sland 1s performed in the three-dimensional
environment for the context.

DEVELOMER
§USER

S oPy
104

INFLIT DEVICE
118

S L Ry

'-'.'I'.'-'.'-'.'I'.'-'.'-'.'I'.'-'.'-'.'I'.Im‘l“‘t‘t‘t‘t‘t‘t‘t““‘l‘q

HERLAY

NETWORKING
DEVICE
S g

LREAIOE
) ¥LY,

A A g

‘ol il ol ol i il ol i il ol i il il vl il il il il = il il 1

/
/

&

EXTERNAL

B L i

SEN

SORS
238



Patent Application Publication Oct. 17,2024 Sheet 1 of 5 US 2024/0346781 Al

330

e f USER

MR DEVIOE 382

MR CONTEXT SOLVER |
- MODULE

NPT DEVICE |
318 *

- DISPLAY

DA
1280

DEVICE

CAMERA
DEVICE

SENSORS
EREE)

344

: a3 3 3 g 1

EXTERNAL
SENSORS




Patent Application Publication Oct. 17,2024 Sheet 2 of 5 US 2024/0346781 Al

200

202

{ RATA RDESCRIBING AN ENVIRONMENT 1D ACLESSED AND ANALYLED,
% THE ANALYSIS SNCLUDING SEGMENTING THE ENVIRONMENT DATA INTG |
A PLURALITY OF SEGMERTS, WHEREIN EACH SEGMENT I8 REFEEREDR
TO HEREIN &S A CONTEXT, AND ASSOCIATING AN D WITH BACH
LCONTEXY

e T e T T T T A O e e T T T T T T T e s T T T T e o T T o o T T T T T T e T T T T L e e O o i T T e T T T T T T T T T T T T T T T T O T T T e T e i T e e e e T T T T P T T T A

204

ALY Y NN E LYY YL SN Y. YEL SN YL &N EYLY EEY.Y YL SN Y YL LE YN Y YL EE YL Y YL RN LYY ES YL Y NN Y EY YL E:EEEYYYNEN LYY LAN SN %:EYYE YL EE Y Y YN YN YL YN YN YRS YL LEY N4

DATA ASSOTCIATED WITH BACH CONTEXT IS BRONEN DOWN INTO
NAMED PROPERTIES REFERRED TO AS TRAITS

bk e e b ok ok k a e b ok ko ke s b b b b b e o ko e b ok b b b e ol ko ah e b ok b b b e b ok ok ke ah b ok kb b ek ke ah b ok bk o e b ok ok b ok bk ok e ok ko h b ok bk ok s bk bk ko e e ok ko e bk kb e ok ok b ok bk ok e ok ok b ok bk ok LN WU NN R W

TRAITS ARE ASSOOIATED WITH PREDETERMINED CONHTIONS FOR &
DIGITAL ISLAND QR QTHER DIGITAL QBJECY

208

C T e e L e e T e e e e e Sl Wl e o ke SE e il k3L (N TR E TR e el o mk e ak k e  k al el [ TSR R R R TR R W R O O R O e O W e e A O e W W N e e T O W R O e O O R R AR e W R e e W

SETERMINEG & BEST MATCH BETWEEN & PLURALITY OF DIGITAL
ISLANDE AND APLURALITY OF QONTEXTS FROM THE ERVIRONMENT
USING THE TRAITES aND THE CORDITIONS

218
T SPAWN ONE OR MORE OIGITAL ISLANDS IN THE ENVIRONMENT BASED |

DN THE DETERMINEL BEST MATOH

Fig, 2



Patent Application Publication Oct. 17,2024 Sheet 3 of 5

COMRBINED LAYER

US 2024/0346781 Al

PRSTANCE LAYER
S
P2 -~

&0 TN
s e R {18 A { 33
.;\Mkw‘” }% Z\‘\\hﬂf fﬁww\ﬁ'.‘_; “’J-ﬂ% E’E‘M“. J,;
£ # PN oA 18 b 7N
18 ;"";‘1 TP ijj AN { 1 L 4 )
g S 4 S - {j wl &
At R o~ S AT
. “‘ﬁi - - -ﬁ“fﬁﬁx\ : f:fﬁ. 7 f;;a {: 5 E
f: jjg\} A/ {;é\j N Y .,j - “'“{g\
e o e e TR SR

L PACING LAYER |
Nt AN

%

3\

_ - SN
1 fli\} ,"’“\1‘*( {3\

4 is;\' : ffigxiﬁf { . ;
N N vt
{38 L e haad 32@%;’
N PN VN
R ﬁ*{ 4 SR} b,
K {8l e o fﬁ ;
SN/ N



Patent Application Publication Oct. 17,2024 Sheet 4 of 5 US 2024/0346781 Al

) ; ST LT T T et R T R R A R W R LR R R R R L T M nE M e G i T i e T R R RN, RR AR AR MR R Ry Ry oam A ﬂ."I-M:g‘: WRD OWED AN AT, R, RR, RA RM ORM R R R RO R
X . .

A

-

}.

-

%

SOFTWARE ARCHITECTURE 344

A o o L o A o o T

FRESENTATION LAYER

APFPLICATIONS . t

THIRD PAKTY

= e T e T e e e e e e e e e e T R e e

MR CONTEXT
SOLVER MODULE

424 |

\i ;

APLCALLS

5 §
“ P e
g .
1 ) H. } . -.
124 T
: > :
5 X |

L MESSAGES

VIRTUAL MACHINE

448
\?\ VIRTUAL MACHINE
: MONITOR

o A o o I I U P O O O 3 P I

414 | OPERATING
SYSTEM

: .
. X
- '
i, " . u
o ' LY
T . .
I | . X
AT . : %
N
T R T N L RPERAP U

HARDWARE LAYER 404
408 B £t .

[ meMORYS | _ _
! STORAGE  §i ] WIHER 4

FROCESSING
LNIT

[INSTRUCTIONS 1] 1 S
B T 1

------------------------------

INSTRUCTIONS|

Fig, 4



Patent Application Publication

HROCESSIR

Wﬁm e e B R PR TR e ST B TR PR PR B B W B TR T

*a% NSTRUCTIONS] |

§$L$ _ ?

Ayl TAAAL, EASAAZ AdghAd AgRfgRyt SRR RgpbgR, R AR, Mﬁri
L)
a

gy i e e MY ol

ol gl e e i e e ks S N e i,

ROTATION

T o L P e, el e,y e e e h-h-.—-.—;

.
A oW A

- NEAR ﬁEu}

L L L A ML NN

N ToEwcES |
L] | "Iti

Oct. 17, 2024

NS TRUD Tiﬁfﬁ@

.
e g P g g g g i e g i M

i

Iy

I ea

+ A

P4

&

[ § -
F |
o
|
A
A
A
A
[ |
o
”
i
4
"1
i
1
4
W
|
d
d
A
o
dl
F|
|
E |
A
[ |
K|
;
|
iy
1
’
[ |
a
A
ol
4
A
ol
[ |
|
E |
A
|
|
o
4
F |
" |
4
K|
A
[ |
|
' |
o
|
|
|
[
o
F |
'ﬁﬂﬁ

WP it NP, e it NN Slrlipietyt Pidirtiely ity PRI Wit ettt ittty PN Nyttt NPt it APt

3O a:;mammmm ~

Fig. 5

Sheet 5 of 5 US 2024/0346781 Al

j
i
i
a
3

ﬁgsza
s;a

L Eihdd i W ool ey e Farattat. o it ol

S AR PR PR WA W W e

BIORETRIC

L b & L L L qﬁ#
fv’:ﬂrﬂ A

W Y N W Y Y Y N

EXPRESSION 1
FIOMIGNALS |
INENTIRICATIONT

i o o o
, 52
ﬁg

DORITION |

LA THIN

ﬁiL’ﬁ“ﬁ’HﬁE i

b e i T oy
Ay

o

550

£

),5"’
ﬁ
E_
1
;,%
3o i
ol
73
= i

V-8

z“‘:‘*;‘*."‘. L LM A L

e ——
2 NETWORN )
)

g S Tl

SEG.



US 2024/03467381 Al

METHOD AND SYSTEM FOR MATCHING
CONDITIONS FOR DIGITAL OBJECTS IN
AUGMENTED REALITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of and claims the
benefit of priority under 35 U.S.C. § 120 to U.S. patent
application Ser. No. 17/336,251, filed on Jun. 1, 2021, which
claims the benefit of U.S. Provisional Application No.
63/032,419, filed May 29, 2020, entitled “METHOD AND
SYSTEM FOR MATCHING CONDITIONS FOR DIGI-
TAL OBIECTS IN AUGMENTED REALITY,” each of

which 1s incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The subject matter disclosed herein generally
relates to the technical field of creating and manipulating
digital content for mixed reality environments.

BACKGROUND OF THE INVENTION

[0003] When creating and editing digital content within a
mixed reality (MR) environment (e.g., for use in MR games
and other MR applications), using traditional authoring
techniques 1s problematic due to the dynamic and unpre-
dictable (e.g., unknown during authoring) nature of real-
world objects on which virtual objects are placed at runtime.
The digital content must be placed, oriented, scaled, and
given properties during authoring (e.g., during creation and
editing) so that the content appears as desired by the author
during runtime (e.g., during game or simulation runtime).
Authoring 1n mixed reality 1s not the same as authoring in
standard 3D environments wherein a virtual environment 1s
known, controlled and stable. In a mixed reality environ-
ment, typically information from the real-world 1s recerved
at runtime via a camera (either regular or depth) and
provides mcomplete knowledge of a surrounding environ-
ment which cannot be known 1n advance during an author-
ing process. During the authoring process, many missing
details about the runtime environment make it diflicult, and
sometimes 1mpossible, to efliciently and directly author
digital content prior to runtime (e.g., the existence, orienta-
tion, placement, dimensions, scale and other properties of
objects 1n a real-world environment cannot all be known 1n
advance). While real-world surfaces are often detectable
(e.g., via 1mage analysis) and some level of semantic under-
standing of device surroundings i1s achievable, current MR
authoring software often only has one or two detected
horizontal/vertical planes on which to place virtual objects.
More importantly, these surfaces are often provided without
any context of what they represent (e.g., floor vs. tabletop).
An author of MR content typically has to place virtual
objects 1n the MR environment manually by visually deter-
mimng an adequate place. This 1s not an eflicient way of
authoring 1n MR environments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Features and advantages of example embodiments
of the present disclosure will become apparent from the
tollowing detailed description, taken 1n combination with

the appended drawings, 1n which:
[0005] FIG. 1 1s a schematic illustrating a MR context
solver system, in accordance with one embodiment;
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[0006] FIG. 2 1s a schematic illustrating a flowchart of a
method for determining a match of a digital object to a
segment of an environment using a MR context solver
system, 1n accordance with one embodiment;

[0007] FIG. 3 1s a schematic illustrating a plurality of
graphs 1n an MR context solver system, 1n accordance with
one embodiment;

[0008] FIG. 4 1s a block diagram illustrating an example
soltware architecture, which may be used in conjunction
with various hardware architectures described herein; and

[0009] FIG. 5 1s a block diagram illustrating components
of a machine, according to some example embodiments,
configured to read instructions from a machine-readable
medium (e.g., a machine-readable storage medium) and
perform any one or more of the methodologies discussed
herein.

[0010] It will be noted that throughout the appended
drawings, like features are identified by like reference
numerals.

DETAILED DESCRIPTION

[0011] The description that follows describes example
systems, methods, techniques, instruction sequences, and
computing machine program products that comprise 1llus-
trative embodiments of the disclosure, individually or in
combination. In the following description, for the purposes
of explanation, numerous specific details are set forth in
order to provide an understanding of various embodiments
of the inventive subject matter. It will be evident, however,
to those skilled 1n the art, that various embodiments of the
inventive subject matter may be practiced without these
specific details.

[0012] The term ‘content’ used throughout the description
herein should be understood to include all forms of media
content items, including images, videos, audio, text, 3D
models (e.g., including textures, materials, meshes, and
more), ammations, vector graphics, and the like.

[0013] The term ‘game’ used throughout the description
herein should be understood to include video games and
applications that execute and present video games on a
device, and applications that execute and present simula-
tions on a device. The term ‘game’ should also be under-
stood to include programming code (either source code or
executable binary code) which 1s used to create and execute
the game on a device.

[0014] The term ‘environment” used throughout the
description herein should be understood to include 2D
digital environments (e.g., 2D video game environments, 2D
simulation environments, 2D content creation environments,
and the like), 3D digital environments (e.g., 3D game
environments, 3D simulation environments, 3D content cre-
ation environments, virtual reality environments, and the
like), and augmented reality environments that include both
a digital (e.g., virtual) component and a real-world compo-
nent.

[0015] The term ‘digital object’, used throughout the
description herein 1s understood to include any object of
digital nature, digital structure or digital element within an
environment. A digital object can represent (e.g., 1 a
corresponding data structure) almost anything within the
environment; including 3D models (e.g., characters, weap-
ons, scene clements (e.g., buildings, trees, cars, treasures,
and the like)) with 3D model textures, backgrounds (e.g.,
terrain, sky, and the like), lights, cameras, effects (e.g., sound
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and visual), animation, and more. The term ‘digital object’
may also be understood to include linked groups of 1ndi-
vidual digital objects. A digital object 1s associated with data
that describes properties and behavior for the object.

[0016] The terms ‘asset’, ‘game asset’, and ‘digital asset’,
used throughout the description herein are understood to
include any data that can be used to describe a digital object
or can be used to describe an aspect of a digital project (e.g.,
including: a game, a film, a solftware application). For
example, an asset can include data for an 1image, a 3D model
(textures, rigging, and the like), a group of 3D models (e.g.,
an entire scene), an audio sound, a video, animation, a 3D
mesh and the like. The data describing an asset may be
stored within a file, or may be contained within a collection
of files, or may be compressed and stored in one file (e.g.,
a compressed file), or may be stored within a memory. The
data describing an asset can be used to instantiate one or
more digital objects within a game at runtime.

[0017] Throughout the description herein, the term
‘authoring’ should be understood to include the creation and
editing of mixed reality experiences and the digital content
therein. Authoring may involve a user directly manipulating,
digital content as 1t appears in a mixed reality environment
via a mobile device (e.g., head mounted display, mobile
phone, tablet, and the like) or via a user interface on a
computer screen (e.g., desktop or laptop).

[0018] The term ‘build’ and ‘game build’ used throughout
the description herein should be understood to include a
compiled binary code of a game which can be executed on
a device, and which, when executed can provide a playable
version of the game (e.g., playable by a human or by an
artificial intelligence agent).

[0019] Throughout the description herein, the term ‘mixed
reality’ (MR) should be understood to include all combined
environments 1n the spectrum between reality and virtual
reality (VR) including virtual reality, augmented reality
(AR) and augmented virtuality.

[0020] Throughout the description herein, the term
‘spawning’ should be understood to relate to a creation (e.g.,
instantiation) and placement of a digital object 1n an envi-
ronment (e.g., within an AR environment). The placement
may be performed according to the method 200 described
below and may use criteria referred to herein as ‘conditions’.
The conditions associated with a digital object specily
criteria for at least a location, orientation and size for a
spawning and placement of a digital object within the
environment. The conditions help define and limait the place-
ment.

[0021] Inaccordance with an embodiment, a condition can
include a plurality of spawning criteria for a digital object
within an MR environment, wherein the spawning criteria
includes one or more of the following: location critena (e.g.,
including location of the digital object with respect to other
objects 1 the MR environment, elevation of the digital
object above another object, geolocation of the digital object
(e.g., with GPS data), and the like), proximity criteria (e.g.,
including distance criteria between the digital object and one
or more additional objects in the MR environment), orien-
tation criteria (e.g., an angle criteria between the digital
object and other objects or surfaces), alignment criteria (e.g.,
including horizontal and vertical alignment of a part of the
digital object with one or more objects (or parts of the
objects) 1n the MR environment, alignment between the
digital object and other objects), object dimension criteria
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(e.g., including criternia regarding the digital object size),
lighting criteria (e.g., criteria regarding an amount and a type
of light hitting the digital object or hitting a spawning
location 1 the MR environment), color criteria (e.g., a
criteria regarding an apparent color of the digital object),
texture criteria (e.g., a criteria regarding a texture of the
digital object) and any other property of the digital object
and surrounding MR environment. In accordance with an
embodiment, criteria within a condition may be provided as
a range of values. In accordance with an embodiment, a set
of conditions associated with a digital object specity where
and how the digital object can be spawned (e.g., placed)
within an MR environment when using the method 200
described below for matching a digital object with a segment
(e.g., segment the MR environment, wherein each segment
may be referred to herein as a context as described below)
within the environment.

[0022] In accordance with an embodiment, conditions can
include non-spatial criteria that include one or more of the
following: lighting (e.g., specilying an amount ol incident
light hitting an object or a location in an MR environment),
and color (e.g., an acceptable color range of an object), and
texture (e.g., roughness, reflectivity, transparency, surface
flexibility, and the like), and type of object (e.g., chair, table,
ball, wall, etc.) and other user-defined critena.

[0023] In accordance with an embodiment, the term ‘Digi-
tal Island’ used throughout the description herein should be
understood to include a digital object that occupies a volume
of space 1n which a coordinate system 1s stable and which
can include additional digital objects and which can be
placed and manipulated within an MR environment. In
accordance with an embodiment, a digital 1sland may be a
digital object. A Digital Island may be used to represent a
real-world object or a part of a real-world object (e.g., a
table, or a flat surface of a table top, a couch, a chair, a light,
a bench, and the like). The real-world object or part of a
real-world object may be referred to as a ‘context’ (e.g., an
environment segment) 1n the description below. A Digital
Island can also represent a virtual object (e.g., 1 a virtual
reality environment). In accordance with an embodiment, a
Digital Island may take a form of an object it 1s representing.
For example, the Digital Island could be a virtual plane
when representing a real-world flat surface such as the top
of a table. For objects with more complicated surface and
volume geometry (e.g., a couch, a chair, a light, etc.), the
Digital Island could instead be represented by a 3D model
for the object. In accordance with an embodiment, a Digital
Island may include one or more conditions which allows 1t
to be placed (e.g., spawned) within a MR environment and
allows other objects to be placed on 1t (e.g., using the method

200 described below).

[0024] In accordance with an embodiment, a Digital
Island may provide a local coordinate system for digital
authoring (e.g., by a user), wherein the digital authoring
includes adding (e.g., spawning) digital objects to the Digi-
tal Island wherein the digital objects become associated with
the Digital Island (e.g., have a parent-child relationship
wherein the child shares some properties with the Digital
Island parent). The digital authoring can include using the
method 200 described below to match digital objects to a
Digital Island in a real-world context. In accordance with an
embodiment, during operation, the local coordinate system
of a digital 1sland 1s mapped (e.g., using the method 200
described below) to real-world context data (e.g., data
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describing a segment of a target spawning environment such
as the real-world) based on a matching of conditions asso-
ciated with the Digital Island.

[0025] A method of spawning a digital island 1n a three-
dimensional environment 1s disclosed. Data describing a
three-dimensional environment 1s accessed. The data 1s
partitioned 1nto a plurality of contexts based on properties
identified in the data, the properties corresponding to sur-
faces or objects 1n the three-dimensional environment. One
or more values of one or more traits corresponding to a
context of the plurality of context are identified. A digital
island 1s matched to the context. The matching includes
analyzing one or more conditions associated with the digital
1sland with respect to the one or more values of the one or
more traits corresponding to the context. Based on the
matching, the spawning of the digital 1sland 1s performed in
the three-dimensional environment for the context.

[0026] An MR context solver system and associated meth-
ods are described herein. The MR context solver 1s a system
and associated methods for real-time determination of digi-
tal object spawning (e.g., including object selection and
placing) 1n an MR environment based on a context within
the environment. The MR context solver method and system
allows for creation of digital content in a MR environment
without a user directly writing software code and without
manual placement of digital objects (e.g., by a user during
augmented reality scene creation). The MR context solver
system and methods may use predetermined conditions
associated with a digital object to automatically spawn and
place one or more copies of the digital object in an MR
environment according to a matching of details within the
conditions to elements (e.g., a context) within the environ-
ment, wherein the matching 1s described 1n detail with

respect to FIG. 2 and FIG. 3.

[0027] In accordance with an embodiment, the MR con-
text solver system (as described below with respect to FIG.
1, FIG. 2, FIG. 3, FIG. 4 and FIG. §) 1s configured to display
and manipulate digital content within an MR environment
via a MR-capable device. In an example embodiment, a user
(e.g., a wearer ol an HMD, or someone holding a smart-
phone, tablet, or other MR-capable device) experiences the
MR environment as presented by the MR context solver
system via an MR device. In some embodiments, the MR
environment as seen by a user includes a view of the
real-world (e.g., including immediate surroundings of the
MR -capable device) along with virtual content provided by
the MR context solver system. In accordance with some
embodiments, the MR device includes a camera configured
to capture digital video or images of the real-world around
the device (e.g., when held by a user), optionally including,
depth data, which the MR context solver system may
analyze to provide some of the MR context solver features
described herein.

[0028] In some embodiments, the MR context solver
system and the various associated hardware and software
components described herein may provide virtual reality
(VR) content mnstead of, or 1n addition to, augmented reality
(AR) content. It should be understood that the systems and
methods described herein may be performed with AR con-
tent and VR content and, as such, the scope of this disclosure
covers both AR and VR applications.

[0029] Turning now to the drawings, systems and meth-
ods, including non-routine or unconventional components or
operations, or combinations of such components or opera-

Oct. 17, 2024

tions, for real-time determination of digital object spawning
(e.g., mncluding object selection and placement without user
input or coding) 1n an MR environment based on a context
within the environment are illustrated. In accordance with an
embodiment, FIG. 1 1s a diagram of an example MR context
solver system 100 and associated devices configured to
provide MR context solver functionality to a user 130 (e.g.,
a software developer, an augmented reality creation artist,
and more). In an example embodiment, the MR context
solver system 100 includes a MR device 102 operated by the
user 130. The MR device 102 1s a computing device capable
of providing a mixed reality experience or a mixed reality
environment to the user 130. In some embodiments, the MR
device 102 1s a head-mounted display (HMD) dewce worn
by the user 130, such as an augmented reality (AR) or virtual
reality (VR) ViSOI‘ (e.g., Google Glass®, HTC Vive®,
Microsoit HoloLens®, and so forth). In other embodiments,
the MR device 102 1s a mobile computing device, such as a
smartphone or a tablet computer. In other embodiments, the
MR device 1s a desktop or laptop computer.

[0030] In accordance with an embodiment, the MR device
102 includes one or more central processing units (CPUs)
104, graphics processing units (GPUs) 106. The processing,
device 104 1s any type of processor, processor assembly
comprising multiple processing elements (not shown), hav-
ing access to a memory 110 to retrieve instructions stored
thereon, and execute such instructions. Upon execution of
such 1instructions, the instructions cause the processing
device 104 to perform a series of tasks as described herein
(e.g., nreference to FIG. 2, and FIG. 3). The MR device 102
can also include one or more networking devices 112 (e.g.,
wired or wireless network adapters) for communicating over
a network including a cellular network, a Wi-Fi network, the
Internet, and so forth. The MR device 102 further includes
one or more camera devices 114 which may be configured
to capture digital video of the real-world near the MR device
102 during operation. The MR device 102 may also include
one or more sensors 116, such as a global positioning system
(GPS) recerver (e.g., for determining a GPS location of the
MR device 102), biometric sensors (e.g., for capturing
biometric data of the user 130), motion or position sensors
(e.g., Tor capturing position data of the device 102, the user
130 and other objects), a depth sensor (e.g., LIDAR), and an
audio microphone (e.g., for capturing sound data). Some
sensors 116 may be external to the MR device 102, and may
be configured to wirelessly communicate with the MR
device 102 (e.g., such as used 1n the Microsoit Kinect®,
Vive Tracker™, MIT’s Lidar sensor, or MIT’s ereless

emotion detector).

[0031] The MR device 102 may also include one or more
mput devices 118 such as, for example, a keyboard or
keypad, mouse, pointing device, touchscreen, a microphone,
a camera, a hand-held device or the like (e.g., hand motion
tracking device) for inputting information in the form of a
data signal readable by the processing device 104. The MR
device 102 further includes one or more display devices 120,
such as a touchscreen of a tablet or smartphone, or lenses or
visor ol a VR or AR HMD, which may be configured to
display virtual objects to the user 130 1n conjunction with a
real-world view. In accordance with an embodiment, the MR
device 102 may also include a display device 120 that
renders graphics (e.g., virtual objects) onto the visor (not
shown), and as such, the visor acts as a “screen” or surface
on which the output of the display device 120 appears, and
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through which the wearer 130 experiences virtual content.
The display device 120 1s driven or controlled by one or
more GPUs 106. The GPU 106 processes aspects of graphi-
cal output that assists 1n speeding up rendering of output
through the display device 120.

[0032] The MR device 102 also includes a memory 110
configured to store a MR context solver module 124. The
memory 110 can be any type of memory device, such as
random access memory, read only or rewritable memory,
internal processor caches, and the like. The MR context
solver module 124, executing on the MR device 102 (e.g., an
HMD), may be configured to capture data from the camera
device 114 or sensors 116 to perform various functions of the
MR context solver system 100. The camera device 114 and
sensors 116 capture data from the surrounding environment,
such as video, audio, depth information, GPS location, and
so forth. The MR context solver module 124 may be
configured to analyze the captured data directly, and analyze
processed captured data (e.g., real-time data regarding
detected and 1dentified objects, including object shape data,
depth maps, semantic information, and the like).

[0033] In accordance with an embodiment, and shown 1n
FIG. 2 1s a flowchart of a method 200 for spawning one or
more digital objects 1n an environment based on solving for
an optimal match of conditions associated with the one or
more digital objects with data extracted from the environ-
ment (e.g., wherein the extracted data may be related to a
segment of the environment). The method 200 may be used
in conjunction with the MR context solver system 100 as
described with respect to FIG. 1. In various embodiments,
some of the method elements shown may be performed
concurrently, in a different order than shown, or may be
omitted. In accordance with an embodiment, at operation
202 of the method 200, data describing an environment 1s
accessed and analyzed. The environment may be the real-
world and the data may be accessed (e.g., received) via
sensors 116 on the MR device 102. The environment may
also be a virtual environment (e.g., including a virtual reality
environment), wherein the data describing the virtual envi-
ronment may be accessed via the memory 110 (e.g., while
using data from the sensors 116 to determine a position and
orientation of the MR device 102 within the virtual envi-
ronment). The data includes data describing properties of the
environment and properties of a set of objects within the
environment (€.g., objects within a proximity of the sensors
116 and the camera device 114 of the MR device 102). In
accordance with an embodiment, as part of operation 202 of
the method 200, the MR context solver module 124 may
continuously analyze the data from the environment 1n order
to partition the environment 1nto a plurality of segments with
cach segment referred to herein as a context (e.g., analyzing
data from the MR device sensors 116 and camera 114 as the
MR device 102 moves through the environment). In accor-
dance with an embodiment, a context may include one or
more detected items 1n the environment such as surfaces and
objects, as well as properties of the detected 1items (e.g., size,
orientation, state, type, semantic information, and more).
The analysis for segmentation may be performed using
image analysis methods (e.g., on data from the camera 114),
machine learning methods (e.g., on data from the sensor 116
and the camera 114), signal analysis methods and the like. In
accordance with an embodiment, the analysis for segmen-
tation may be performed external to the MR context solver
module 124 by an operating system function, a plugging, or
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the like (e.g., such as ARCore™ SDK and ARkit™ SDK),
wherein results of the analysis may be provided to the MR
context solver module 124 as part of operation 202.

[0034] In accordance with an embodiment, the analysis for
segmentation may include determining information regard-
ing the detected surfaces and objects, wherein the informa-
tion may include a description of dimensions, orientation,
relative positions, properties of the surfaces and objects
(e.g., textures, materials, type of object, state of object, and
more), as well as properties of the environment surrounding
the surfaces and objects (e.g., amount of light hitting a
surface).

[0035] In accordance with an embodiment, as part of
operation 202 of the method 200, each determined context
of an environment may be assigned an identifier (e.g., a
context ID). The context ID may be a unique alpha-numeric
identifier used to identity and reference a context (e.g.,
identifving a segment of the environment and data describ-
ing the segment). For example, the context ID may be used
to associate additional data such as a trait (e.g., as described
below 1n operation 204, 206 and 208) with a context
associated with the context ID. For example, a plurality of
traits related to a detected plane context within an environ-
ment (e.g., a collee table top) may be associated (e.g., during
operation 204 described below) one single context 1D, based
on the plurality of traits describing the same surface.

[0036] In accordance with an embodiment, part of opera-
tion 204 of the method 200, data associated with each
context (e.g., device data regarding detected real-world
objects such as surfaces, faces, and more, along with prop-
erties of the detected objects as determined 1n operation 202)
1s broken down into named properties referred to herein as
traits. In accordance with an embodiment, each context may
have one or more associated traits. In accordance with an
embodiment, a trait may include at least a name (e.g., a
label) and a value. A trait value may be any kind of data
structure representable by a computer (e.g., including num-
bers (e.g., a 32-bit floating point number), text, vectors,
matrices, and more). A trait may represent a unit of data
associated with a context (e.g., a trait may describe a
property of the context). As an example, a ‘2D bounding
box’ trait may include a vector that describes a size of a
2-dimensional bounding box of a context that represents a
detected plane in the environment. As another example, a
‘Pose’ trait may include a position (e.g., as a 3-clement
vector) and a rotation (e.g., as a quaternion) of the context.
In accordance with an embodiment, a trait may include a
semantic tag, used to add semantic meaning to a context. For
example, a semantic tag trait could be ‘tloor’ or ‘wall’ to
signily that a context determined 1n operation 202 1s a tloor
or wall, respectively.

[0037] In accordance with an embodiment, as described
below 1n operation 208, a trait associated with a context may
be used during a matching operation to include the context
or exclude the context from a matching. For example, during
a matching operation (as described 1n operation 208), it may
be possible to exclude a context with a selected semantic tag
(e.g., exclude the context from results of the matching), such
as excluding any context which 1s not a floor.

[0038] In accordance with an embodiment, at operation
206, one or more predetermined conditions for a digital
island or other digital object are associated with one or more
of the traits (e.g., a criteria within a condition 1s associated
with one or more traits such that values of the one or more
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traits should satisiy the criteria). The predetermined condi-
tions include constraints that may be given to, or associated
with (e.g., by a human, an artificial intelligence agent, a set
of rules, and the like) a ‘digital 1sland’ or other digital object
prior to operation 206 (e.g., during a creation of the digital
island or the other digital object). In accordance with an
embodiment, a predetermined condition (e.g., or just ‘a
condition’) sets limits on one or more trait values (e.g., each
condition 1s a constraint on one or more traits). In accor-
dance with an embodiment, a condition may be evaluated
based on a trait value, with the evaluation providing a score
(c.g., a rating) of the trait value for the condition. The score
may be a simple ‘pass’ or ‘fail’ signifying that the trait value
either satisfies or does not satisty the condition, respectively.
In accordance with an embodiment, there may be a score
representing a global score (e.g., an average, a summation,
or the like) for all conditions associated with a digital 1sland,
wherein a pass represents all conditions for a digital 1sland
being satisfied. The score may also be a numeric value
representing a degree of passing or failing of the trait value
to satisiy the condition. In accordance with an embodiment,
for each trait value, the MR context solver module 124
performs a calculation for a condition that returns a score
(e.g., a number from 0 to 1) describing how well the trait
value meets the constraint associated with the condition. For
example, a score value of 0 may represent a failure to satisty
the constraint and a score value of 1 may represent a perfect
match of the trait value with the constraint. As an example,
a condition may include constraints on a size of a plane,
wherein the constraints may reference a ‘2D bounding box’
trait (described above) to determine whether a surface
context (which 1s also associated with the ‘2D bounding
box’ trait during operation 204) 1s of a correct size for digital
content to be spawned on. Based on the surface context
being within an acceptable size range determined by the
condition constraints, the condition passes.

[0039] It 1s possible to receive many different forms of
data describing an environment (e.g., during operation 202).
For example, the form of data may depend on an analysis
being performed external to the MR context solver module
124 by an operating system function, a plugging, or the like
(e.g., such as ARCore™ SDK and ARkit™ SDK), wherein
cach may have a different form for presenting the data. In
order for the method 200 to be compatible with external
systems, the method 200 operates using data within traits as
input to constraints. For example, instead of applying a
constraint directly to a data representation of the environ-
ment received from an external system (which may be
different depending on the external system), the data
received from the external system 1s associated with traits in
operation 204 and constraints are applied on a per-trait basis
in operation 206.

[0040] In accordance with an embodiment, as part of
operation 206, one or more constraints (e.g., constraints
involving traits) may be associated with a plurality of digital
1slands or digital objects (e.g., pairs of digital 1slands) within
a group of digital 1slands. The constraints associated with a
plurality of digital 1slands 1s referred to herein as a relation.
A relation associated with a plurality of digital islands may
function 1 a similar way to a condition associated with a
single digital 1sland (or digital object). In accordance with an
embodiment, as part of operation 206, the MR context solver
module 124 may determine a score for possible pairings of
trait values for each relation (e.g., a score for each context).
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In accordance with an embodiment, as part of determining
the score, the MR context solver module 124 may determine
a value for the score (e.g., a number from O to 1), wherein
the value represents a measure describing a quality of fit for
the pair of values with respect to the constraint. In accor-
dance with an embodiment, and as shown 1n operation 208
below, each relation for a group of digital 1slands must be
met 1n order for spawning to occur.

[0041] In accordance with an embodiment, a relation may
include one or more conditions (e.g., mmvolving traits) to be
satisfied between a plurality of Digital Islands and/or con-
texts. A relation can include a requirement for one or more
conditions to be common between two or more contexts; for
example, a relation may include a requirement for two
Digital. Islands within an environment to be of a spherical
shape. In accordance with an embodiment, a relation can
also 1nclude a condition which places one or more criteria on
a relative distance, orientation, and size between two or
more contexts (or two or more digital 1slands); for example,
a relation may 1nclude a requirement for two digital 1slands
within an environment to be at a same vertical height, and
have a distance between them of less than 5 times the sum
of their diameters. In accordance with an embodiment, a
relation may include a description of a method to evaluate
traits for both contexts against each other, wherein the
evaluation determines whether the ftraits have a correct
relationship. In accordance with an embodiment, a relation
may include distance as a condition. For example, a distance
relation may use the ‘pose’ trait (described earlier) for a
plurality of contexts associated with the relation, to deter-
mine a distance between the contexts. The distance relation
may be satisfied based on the contexts being within a
distance described by the relation. In accordance with an
embodiment, a relation may include one or more elevation
conditions which define an elevation (e.g., distance above a
surface) relationship between two or more contexts. In
accordance with an embodiment, a relation may include one
or more orientation conditions which may define a relative
orientation relationship between two or more contexts (e.g.,
an orientation of contexts facing each other with respect to
internal coordinate systems). As another example of a rela-
tion, consider two plane shaped Digital Islands with a
relation condition that includes the following: two co-planar
surfaces between 3 to 5 meters apart'.

[0042] In accordance with an embodiment, at operation
208 of the method 200, the MR context solver module 124
determines an optimal match between a plurality of digital
islands and a plurality of contexts from the environment (the
contexts determined during operation 202). In accordance
with an embodiment, operation 208 may be performed each
time an evaluation of the environment 1s required 1n order to
place a digital 1sland of the plurality of digital 1slands onto
a context of the plurality of contexts (e.g., an evaluation may
be performed based on a signal received from a user, or
based on a predetermined heuristic or set of rules). In
accordance with an embodiment as part of operation 208, the
MR context solver module 124 may perform the following
operations to determine the optimal match: evaluating one or
more conditions of the plurality of digital islands (e.g.,
evaluating all conditions of the plurality of digital 1slands)
against values of traits determined from each of the plurality
of contexts (e.g., as determined in operation 204) (the
evaluating may include generating a score (e.g., a number
from O to 1) representing a measure ol quality of fit of a
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determined value of a trait and a condition of the one or more
conditions); determining an intersection of one or more
contexts (e.g., real world segments), wherein each of the one
or more contexts match every condition for a digital 1sland
of the plurality of digital 1slands; removing a context that 1s
in use (e.g., occupied by an additional digital island);
combining condition scores into a single score for each
digital 1sland of the plurality of digital 1slands with respect
to for each context of the one or more contexts; and
evaluating relations against possible pairings produced by
the matches for each context. In accordance with an embodi-
ment, as part of operation 208, the MR context solver
module 124 generates a weighted multi-layer network graph
using the condition and relation matching results, wherein
cach layer in the graph 1s associated with a relation, each
vertex 1n the graph 1s a context of the plurality of contexts
which 1s a possible match for one digital island of the
plurality of digital 1slands for each relation, and each edge
connecting two contexts within a layer in the graph, 1s a
valid match of the relation for the layer between the two
contexts. In accordance with an embodiment, a vertex which
represents a context in a graph 1s labeled with a context 1D
associated with the context (e.g., determined 1n operation
202). Furthermore, as part of operation 208 of the method
200, 1n order to determine a best-matching context for each
digital i1sland of the plurality of digital islands, the MR
context solver module 124 performs a search for all sub-
graph 1somorphisms of the graph that represents constraints
tor the plurality of digital islands. Furthermore, each found
1Isomorphism graph 1s given a score based on a score of each
of its vertices and edges. An 1somorphism graph of the found
iIsomorphism graphs with an optimum score (e.g., a largest
score) 1s chosen as an optimum match. In accordance with
an embodiment, based on the optimum match being unavail-
able for any reason, a next-best score (and associated
subgraph) 1s selected.

[0043] In accordance with an embodiment, matching data
within the optimum i1somorphic graph (e.g., the 1somor-
phism graph with the optimum score) may be returned to the
plurality of digital islands. The matching data may include
a mapping ol a set of digital islands from the plurality of
digital 1slands for each context found in operation 202 (e.g.,
including a null set).

[0044] In accordance with an embodiment, based on a
context match being selected for a digital 1sland (or group of
digital 1slands), the selected context may be marked as
‘used’ to prevent other content (e.g., other digital islands)
from matching against the same data.

[0045] In accordance with an embodiment, at operation
210 of the method 200, the MR context solver module 124
may spawn a digital 1sland on a context 1n the environment
based on the determined best match with the context.

[0046] In accordance with an embodiment, a single real-
world context may be suitable for more than one digital
island, and operation 208 may determine that one or more
digital 1slands are matched with the context based on pre-
determined rules of sharing. The predetermined rules may be
associated with a digital 1sland prior to operation 202 of the
method 200 (e.g., during a creation of the digital i1sland). The
rules for sharing may determine that two digital i1slands
cannot occupy a same context, or that two or more selected
digital 1slands may occupy a same context in the environ-
ment.
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[0047] In accordance with an embodiment and shown 1n
FIG. 3 1s an example of a graph generated 1n operation 208.
In the example of FIG. 3, there are three relations (an
Elevation relation, a Distance relation, and a Facing relation)
with one graph layer for each relation. In accordance with
operation 208, there 1s a first graph layer 302 representing
contexts connected with an Elevation relation (relations
between contexts are shown with a short dashed line), there
1s a second graph layer 304 representing contexts connected
with a Distance relation (relations between contexts are
shown with a solid line), and there 1s a third graph layer 306
representing contexts connected with a Facing relation (rela-
tions between contexts shown with a long dashed line). In
accordance with an embodiment, the first graph layer 302,
second graph layer 304 and third graph layer 306 may be
combined 1nto a single graph 308 showing all relations (the
single graph representing a weighted multi-layer network
graph from operation 208). In accordance with an embodi-
ment, and described 1n operation 208 and shown 1 FIG. 3,
a vertex may be included 1n one or more layers and may be
categorically coupled across layers with a context ID (e.g.,
an ID for a context the vertex represents as determined 1n
operation 202) and 1s linked to itself 1n all other layers the
vertex appears 1. For example, a vertex with context 1D #9
appears 1n all three layers (e.g., 320A, 320B, and 320C) but
represents a single context within an environment with
context ID #9. In accordance with an embodiment, as
described 1n operation 208 and shown 1n FIG. 3, each vertex
with a context ID appearing in different layers may have an
associated weight representing a score (as determined 1n
operation 208) for each layer related to the relation of the
layer. For example, vertex context ID #9 320A in the
Elevation layer 302 has a weight value of 0.8, vertex context
ID #9 320B 1n the Distance layer 304 has a weight value of
0.5, and vertex context ID #9 320C 1n the Facing layer 306
has a weight value of 1.0. In accordance with an embodi-
ment, though not shown 1 FIG. 3, all vertices may have an
associated weight corresponding to a score for each layer.
Similarly, though not shown 1n FI1G. 3, each connecting edge
may have an associated weight corresponding to a score as
determined 1n operation 208.

[0048] While illustrated in the block diagrams as groups of
discrete components communicating with each other via
distinct data signal connections, 1t will be understood by
those skilled 1n the art that the various embodiments may be
provided by a combination of hardware and software com-
ponents, with some components being implemented by a
given function or operation of a hardware or software
system, and many of the data paths 1llustrated being imple-
mented by data communication within a computer applica-
tion or operating system. The structure illustrated 1s thus
provided for efliciency of teaching the present various
embodiments.

[0049] It should be noted that the present disclosure can be
carried out as a method, can be embodied 1n a system, a
computer readable medium or an electrical or electro-mag-
netic signal. The embodiments described above and illus-
trated 1n the accompanying drawings are intended to be
exemplary only. It will be evident to those skilled in the art
that modifications may be made without departing from this
disclosure. Such modifications are considered as possible
variants and lie within the scope of the disclosure.

[0050] Certain embodiments are described herein as
including logic or a number of components, modules, or




US 2024/03467381 Al

mechanisms. Modules may constitute either software mod-
ules (e.g., code embodied on a machine-readable medium or
in a transmission signal) or hardware modules. A “hardware
module” 1s a tangible unit capable of performing certain
operations and may be configured or arranged 1n a certain
physical manner. In various example embodiments, one or
more computer systems (e.g., a standalone computer system,
a client computer system, or a server computer system) or
one or more hardware modules of a computer system (e.g.,
a processor or a group ol processors) may be configured by
software (e.g., an application or application portion) as a
hardware module that operates to perform certain operations
as described herein.

[0051] In some embodiments, a hardware module may be
implemented mechanically, electronically, or with any suit-
able combination thereof. For example, a hardware module
may include dedicated circuitry or logic that 1s permanently
configured to perform certain operations. For example, a
hardware module may be a special-purpose processor, such
as a lield-programmable gate array (FPGA) or an Applica-
tion Specific Integrated Circuit (ASIC). A hardware module
may also include programmable logic or circuitry that 1s
temporarily configured by software to perform certain
operations. For example, a hardware module may include
software encompassed within a general-purpose processor
or other programmable processor. Such software may at
least temporarily transform the general-purpose processor
into a special-purpose processor. It will be appreciated that
the decision to implement a hardware module mechanically,
in dedicated and permanently configured circuitry, or in
temporarily configured circuitry (e.g., configured by soft-
ware) may be driven by cost and time considerations.

[0052] Accordingly, the phrase “hardware module” should
be understood to encompass a tangible entity, be that an
entity that 1s physically constructed, permanently configured
(c¢.g., hardwired), or temporarily configured (e.g., pro-
grammed) to operate 1n a certain manner or to perform
certain operations described herein. As used herein, “hard-
ware-implemented module” refers to a hardware module.
Considering embodiments 1n which hardware modules are
temporarily configured (e.g., programmed), each of the
hardware modules need not be configured or instantiated at
any one instance in time. For example, where a hardware
module comprises a general-purpose processor configured
by software to become a special-purpose processor, the
general-purpose processor may be configured as respec-
tively different special-purpose processors (€.g., comprising,
different hardware modules) at diflerent times. Software
may accordingly configure a particular processor or proces-
sors, for example, to constitute a particular hardware module
at one 1nstance of time and to constitute a different hardware
module at a different instance of time.

[0053] Hardware modules can provide information to, and
receive information from, other hardware modules. Accord-
ingly, the described hardware modules may be regarded as
being communicatively coupled. Where multiple hardware
modules exist contemporaneously, communications may be
achieved through signal transmission (e.g., over appropriate
circuits and buses) between or among two or more of the
hardware modules. In embodiments 1n which multiple hard-
ware modules are configured or instantiated at diflerent
times, communications between such hardware modules
may be achieved, for example, through the storage and
retrieval of information 1 memory structures to which the

Oct. 17, 2024

multiple hardware modules have access. For example, one
hardware module may perform an operation and store the
output of that operation in a memory device to which it 1s
communicatively coupled. A further hardware module may
then, at a later time, access the memory device to retrieve
and process the stored output. Hardware modules may also
initiate communications with mmput or output devices, and
can operate on a resource (e.g., a collection of information).

[0054] The wvarious operations of example methods
described herein may be performed, at least partially, by one
or more processors that are temporarily configured (e.g., by
soltware) or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured,
such processors may constitute processor-implemented
modules that operate to perform one or more operations or
functions described herein. As used herein, “processor-
implemented module™” refers to a hardware module 1mple-
mented using one or more processors.

[0055] Similarly, the methods described herein may be at
least partially processor-implemented, with particular pro-
cessor or processors being an example of hardware. For
example, at least some of the operations of a method may be
performed by one or more processors or processor-imple-
mented modules. Moreover, the one or more processors may
also operate to support performance of the relevant opera-
tions 1n a “cloud computing” environment or as a “software
as a service” (Saas). For example, at least some of the
operations may be performed by a group of computers (as
examples of machines including processors), with these
operations being accessible via a network (e.g., the Internet)
and via one or more appropriate interfaces (e.g., an appli-
cation program interface (API)).

[0056] The performance of certain of the operations may
be distributed among the processors, not only residing
within a single machine, but deployed across a number of
machines. In some example embodiments, the processors or
processor-implemented modules may be located 1n a single
geographic location (e.g., within a home environment, an
oflice environment, or a server farm). In other example
embodiments, the processors or processor-implemented
modules may be distributed across a number of geographic
locations.

[0057] FIG. 4 1s a block diagram 700 illustrating an
example software architecture 702, which may be used 1n
conjunction with various hardware architectures herein
described to provide a gaming engine 701 and/or compo-
nents of the MR Context Solver system 100. FIG. 4 1s a
non-limiting example of a software architecture and 1t wall
be appreciated that many other architectures may be 1mple-
mented to facilitate the functionality described herein. The
soltware architecture 702 may execute on hardware such as
a machine 800 of FIG. § that includes, among other things,
processors 810, memory 830, and mput/output (I/0O) com-
ponents 850. A representative hardware layer 704 1s 1llus-
trated and can represent, for example, the machine 800 of
FIG. 5. The representative hardware layer 704 includes a
processing unit 706 having associated executable instruc-
tions 708. The executable instructions 708 represent the
executable instructions of the software architecture 702,
including implementation of the methods, modules and so
forth described herein. The hardware layer 704 also includes
memory/storage 710, which, also includes the executable
instructions 708. The hardware layer 704 may also comprise

other hardware 712.
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[0058] In the example architecture of FIG. 4, the software
architecture 702 may be conceptualized as a stack of layers
where each layer provides particular functionality. For
example, the software architecture 702 may include layers
such as an operating system 714, libraries 716, frameworks
or middleware 718, applications 720 and a presentation
layer 744. Operationally, the applications 720 and/or other
components within the layers may mvoke application pro-
gramming interface (API) calls 724 through the software
stack and receive a response as messages 726. The layers
illustrated are representative in nature and not all software
architectures have all layers. For example, some mobile or
special purpose operating systems may not provide the
frameworks/middleware 718, while others may provide such
a layer. Other software architectures may include additional
or diflerent layers.

[0059] The operating system 714 may manage hardware
resources and provide common services. The operating
system 714 may include, for example, a kernel 728, services
730, and drivers 732. The kernel 728 may act as an abstrac-
tion layer between the hardware and the other software
layers. For example, the kernel 728 may be responsible for
memory management, processor management (e.g., sched-
uling), component management, networking, security set-
tings, and so on. The services 730 may provide other
common services for the other software layers. The drivers
732 may be responsible for controlling or interfacing with
the underlying hardware. For instance, the drivers 732 may
include display drivers, camera drivers, Bluetooth® drivers,
flash memory drivers, serial communication drivers (e.g.,
Universal Serial Bus (USB) drivers), Wi-Fi® drivers, audio
drivers, power management drivers, and so forth depending
on the hardware configuration.

[0060] The libraries 716 may provide a common inira-
structure that may be used by the applications 720 and/or
other components and/or layers. The libraries 716 typically
provide functionality that allows other software modules to
perform tasks in an easier fashion than to interface directly
with the underlying operating system 714 functionality (e.g.,
kernel 728, services 730 and/or drivers 732). The libraries
816 may include system libranies 734 (e.g., C standard
library) that may provide functions such as memory alloca-
tion functions, string manipulation functions, mathematic
functions, and the like. In addition, the libraries 716 may
include API libraries 736 such as media libraries (e.g.,
libraries to support presentation and mampulation of various
media format such as MPEG4, H.264, MP3, AAC, AMR,
IPG, PNG), graphics libraries (e.g., an OpenGL framework
that may be used to render 2D and 3D graphic content on a
display), database libraries (e.g., SQLite that may provide
various relational database functions), web libraries (e.g.,
WebKit that may provide web browsing functionality), and
the like. The libraries 716 may also include a wide variety
of other libraries 738 to provide many other APIs to the
applications 720 and other software components/modules.

[0061] The frameworks 718 (also sometimes referred to as
middleware) provide a higher-level common infrastructure
that may be used by the applications 720 and/or other
soltware components/modules. For example, the frame-
works/middleware 718 may provide various graphic user
interface (GUI) functions, high-level resource management,
high-level location services, and so forth. The frameworks/
middleware 718 may provide a broad spectrum of other
APIs that may be utilized by the applications 720 and/or
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other soltware components/modules, some of which may be
specific to a particular operating system or platform.

[0062] The applications 720 include built-in applications
third-party applications 742. Examples 740 and/or of rep-
resentative built-in applications 740 may include, but are not
limited to, a contacts application, a browser application, a
book reader application, a location application, a media
application, a messaging application, and/or a game appli-
cation. Third-party applications 742 may include any an
application developed using the Android™ or 108™ soft-
ware development kit (SDK) by an entity other than the
vendor of the particular platform, and may be mobile
soltware running on a mobile operating system such as 10s,
Android™, Windows® Phone, or other mobile operating
systems. The third-party applications 742 may invoke the
API calls 724 provided by the mobile operating system such
as operating system 714 to facilitate functionality described
herein.

[0063] The applications 720 may use built-in operating
system functions (e.g., kernel 728, services 730 and/or
drivers 732), libraries 716, or frameworks/middleware 718
to create user interfaces to interact with users of the system.
Alternatively, or additionally, 1n some systems, interactions
with a user may occur through a presentation layer, such as
the presentation layer 744. In these systems, the application/
module “logic” can be separated from the aspects of the
application/module that interact with a user.

[0064] Some software architectures use virtual machines.
In the example of FIG. 4, this 1s illustrated by a virtual
machine 748. The virtual machine 748 creates a software
environment where applications/modules can execute as 1f
they were executing on a hardware machine (such as the
machine 800 of FIG. 5, for example). The virtual machine
748 1s hosted by a host operating system (e.g., operating
system 714) and typically, although not always, has a virtual
machine monitor 746, which manages the operation of the
virtual machine 748 as well as the interface with the host
operating system (1.e., operating system 714). A software
architecture executes within the virtual machine 748 such as
an operating system (OS) 750, libraries 752, frameworks
754, applications 756, and/or a presentation layer 758. These
layers of software architecture executing within the virtual
machine 748 can be the same as corresponding layers
previously described or may be different.

[0065] FIG. 5 1s a block diagram illustrating components
of a machine 800, according to some example embodiments,
configured to read instructions from a machine-readable
medium (e.g., a machine-readable storage medium) and
perform any one or more of the methodologies discussed
herein. In some embodiments, the machine 800 1s similar to
the MR device 102. Specifically, FIG. 5 shows a diagram-
matic representation of the machine 800 in the example form
of a computer system, within which instructions 816 (e.g.,
soltware, a program, an application, an applet, an app, or
other executable code) for causing the machine 800 to
perform any one or more of the methodologies discussed
herein may be executed. As such, the instructions 816 may
be used to mmplement modules or components described
herein. The instructions transiform the general, non-pro-
grammed machine 1nto a particular machine programmed to
carry out the described and illustrated functions in the
manner described. In alternative embodiments, the machine
800 operates as a standalone device or may be coupled (e.g.,
networked) to other machines. In a networked deployment,
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the machine 800 may operate 1n the capacity of a server
machine or a client machine 1n a server-client network
environment, or as a peer machine 1n a peer-to-peer (or
distributed) network environment. The machine 800 may
comprise, but not be limited to, a server computer, a client
computer, a personal computer (PC), a tablet computer, a
laptop computer, a netbook, a set-top box (STB), a personal
digital assistant (PDA), an entertainment media system, a
cellular telephone, a smart phone, a mobile device, a wear-
able device (e.g., a smart watch), a smart home device (e.g.,
a smart appliance), other smart devices, a web appliance, a
network router, a network switch, a network bridge, or any
machine capable of executing the instructions 816, sequen-
tially or otherwise, that specily actions to be taken by the
machine 800. Further, while only a single machine 800 1s
illustrated, the term “machine” shall also be taken to include
a collection of machines that individually or jointly execute
the instructions 816 to perform any one or more of the
methodologies discussed herein.

[0066] The machine 800 may include processors 810,
memory 830, and input/output (I/O) components 850, which
may be configured to communicate with each other such as
via a bus 802. In an example embodiment, the processors
810 (e.g., a Central Processing Unit (CPU), a Reduced
Instruction Set Computing (RISC) processor, a Complex
Instruction Set Computing (CISC) processor, a Graphics
Processing Unit (GPU), a Digital Signal Processor (DSP), an
Application Specific Integrated Circuit (ASIC), a Radio-
Frequency Integrated Circuit (RFIC), another processor, or
any suitable combination thereol) may include, for example,
a processor 812 and a processor 814 that may execute the
instructions 816. The term “processor” 1s intended to include
multi-core processor that may comprise two or more inde-
pendent processors (sometimes referred to as “cores™) that
may execute 1nstructions contemporaneously. Although
FIG. 5 shows multiple processors, the machine 800 may
include a single processor with a single core, a single
processor with multiple cores (e.g., a multi-core processor),
multiple processors with a single core, multiple processors
with multiples cores, or any combination thereof.

[0067] The memory/storage 830 may include a memory,
such as a main memory 832, a static memory 834, or other
memory, and a storage unit 836, both accessible to the
processors 810 such as via the bus 802. The storage unit 836
and memory 832, 834 store the instructions 816 embodying
any one or more of the methodologies or functions described
herein. The instructions 816 may also reside, completely or
partially, within the memory 832, 834, within the storage
unit 836, within at least one of the processors 810 (e.g.,
within the processor’s cache memory), or any suitable
combination thereof, during execution thereof by the
machine 800. Accordingly, the memory 832, 834, the stor-
age umt 836, and the memory ol processors 810 are
examples ol machine-readable media 838.

[0068] As wused herein, “machine-readable medium™
means a device able to store instructions and data tempo-
rarily or permanently and may include, but 1s not limited to,
random-access memory (RAM), read-only memory (ROM),
bufler memory, flash memory, optical media, magnetic
media, cache memory, other types of storage (e.g., Erasable
Programmable Read-Only Memory (EEPROM)) and/or any
suitable combination thereof. The term “machine-readable
medium”™ should be taken to include a single medium or
multiple media (e.g., a centralized or distributed database, or
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associated caches and servers) able to store the instructions
816. The term “machine-readable medium™ shall also be
taken to include any medium, or combination of multiple
media, that 1s capable of storing instructions (e.g., mstruc-
tions 816) for execution by a machine (e.g., machine 800),
such that the instructions, when executed by one or more
processors of the machine 800 (e.g., processors 810), cause
the machine 800 to perform any one or more of the meth-
odologies or operations, including non-routine or unconven-
tional methodologies or operations, or non-routine or uncon-
ventional combinations of methodologies or operations,
described herein. Accordingly, a “machine-readable
medium™ refers to a single storage apparatus or device, as
well as “cloud-based” storage systems or storage networks
that include multiple storage apparatus or devices. The term
“machine-readable medium” excludes signals per se.

[0069] The mput/output (I/O) components 850 may
include a wide variety of components to receive input,
provide output, produce output, transmit information,
exchange information, capture measurements, and so on.
The specific mput/output (I/O) components 850 that are
included in a particular machine will depend on the type of
machine. For example, portable machines such as mobile
phones will likely include a touch mput device or other such
input mechanisms, while a headless server machine will
likely not include such a touch input device. It will be
appreciated that the input/output (I/O) components 850 may
include many other components that are not shown 1n FIG.
5. The 1mput/output (I/O) components 850 are grouped
according to functionality merely for simplifying the fol-
lowing discussion and the grouping is 1n no way limiting. In
various example embodiments, the input/output (I/0) com-
ponents 850 may include output components 8352 and input
components 854. The output components 852 may include
visual components (e.g., a display such as a plasma display
panel (PDP), a light emitting diode (LED) display, a liquad
crystal display (LCD), a projector, or a cathode ray tube
(CRT)), acoustic components (e.g., speakers), haptic com-
ponents (e.g., a vibratory motor, resistance mechanisms),
other signal generators, and so forth. The mput components
854 may include alphanumeric input components (e.g., a
keyboard, a touch screen configured to receive alphanumeric
input, a photo-optical keyboard, or other alphanumeric input
components), point based input components (e.g., a mouse,
a touchpad, a trackball, a joystick, a motion sensor, or
another pointing instrument), tactile input components (e.g.,
a physical button, a touch screen that provides location
and/or force of touches or touch gestures, or other tactile

input components), audio input components (e.g., a miCro-
phone), and the like.

[0070] In further example embodiments, the input/output
(I/0) components 850 may include biometric components
856, motion components 858, environmental components
860, or position components 862, among a wide array of
other components. For example, the biometric components
856 may include components to detect expressions (e.g.,
hand expressions, facial expressions, expressions, body ges-
tures, or eye tracking), measure biosignals (e.g., blood
pressure, heart rate, body temperature, perspiration, or brain
waves), 1dentily a person (e.g., voice 1dentification, retinal
identification, facial identification, fingerprint identification,
or electroencephalogram based identification), and the like.
The motion components 858 may include acceleration sen-
sor components (e.g., accelerometer), gravitation sensor
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components, rotation sensor components (€.g., gyroscope),
and so forth. The environmental components 860 may
include, for example, 1llumination sensor components (e.g.,
photometer), temperature sensor components (e.g., one or
more thermometers that detect ambient temperature),
humidity sensor components, pressure sensor components
(e.g., barometer), acoustic sensor components (€.g., one or
more microphones that detect background noise), proximity
sensor components (e.g., infrared sensors that detect nearby
objects), gas sensors (€.g., gas detection sensors to detection
concentrations of hazardous gases for safety or to measure
pollutants in the atmosphere), or other components that may
provide indications, measurements, or signals corresponding
to a surrounding physical environment. The position com-
ponents 862 may include location sensor components (e.g.,
a (lobal Position System (GPS) recerver component), alti-
tude sensor components (e.g., altimeters or barometers that
detect air pressure from which altitude may be derived),

orientation sensor components (e.g., magnetometers), and
the like.

[0071] Communication may be implemented using a wide
variety of technologies. The mput/output (I/O) components
850 may include communication components 864 operable
to couple the machine 800 to a network 880 or devices 870
via a coupling 882 and a coupling 872 respectively. For
example, the communication components 864 may include
a network interface component or other suitable device to
interface with the network 880. In further examples, the
communication components 864 may include wired com-
munication components, wireless communication compo-
nents, cellular communication components, Near Field
Communication (NFC) components, Bluetooth® compo-
nents (e.g., Bluetooth® Low Energy), Wi-Fi® components,
and other communication components to provide commu-
nication via other modalities. The devices 870 may be
another machine or any of a wide variety of peripheral

devices (e.g., a peripheral device coupled via a Universal
Serial Bus (USB)).

[0072] Moreover, the communication components 864
may detect i1dentifiers or include components operable to
detect 1dentifiers. For example, the communication compo-
nents 864 may include Radio Frequency Identification
(RFID) tag reader components, NFC smart tag detection
components, optical reader components (e.g., an optical
sensor to detect one-dimensional bar codes such as Umver-
sal Product Code (UPC) bar code, multi-dimensional bar
codes such as Quick Response (OR) code, Aztec code, Data
Matrix, Dataglyph, MaxiCode, PDF417, Ultra Code, UCC
RSS-2D bar code, and other optical codes), or acoustic
detection components (e.g., microphones to 1dentify tagged
audio signals). In addition, a variety of information may be
derived via the commumnication components 862, such as,
location via Internet Protocol (IP) geo-location, location via
Wi-Fi® signal triangulation, location via detecting a NFC
beacon signal that may indicate a particular location, and so

forth.

[0073] Throughout this specification, plural instances may
implement components, operations, or structures described
as a single mstance. Although individual operations of one
or more methods are illustrated and described as separate
operations, one or more of the individual operations may be
performed concurrently, and nothing requires that the opera-
tions be performed 1n the order illustrated. Structures and
functionality presented as separate components 1n example
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configurations may be implemented as a combined structure
or component. Similarly, structures and functionality pre-
sented as a single component may be implemented as
separate components. These and other variations, modifica-
tions, additions, and improvements fall within the scope of
the subject matter herein.

[0074] The embodiments 1llustrated herein are described
in suflicient detail to enable those skilled in the art to
practice the teachings disclosed. Other embodiments may be
used and derived therefrom, such that structural and logical
substitutions and changes may be made without departing
from the scope of this disclosure. The Detailed Description,
therefore, 1s not to be taken 1n a limiting sense, and the scope
of various embodiments 1s defined only by the appended
claims, along with the full range of equivalents to which
such claims are enftitled.

[0075] As used herein, the term “or” may be construed 1n
either an inclusive or exclusive sense. Moreover, plural
instances may be provided for resources, operations, or
structures described herein as a single 1nstance.

[0076] Additionally, boundaries between  various
resources, operations, modules, engines, and data stores are
somewhat arbitrary, and particular operations are illustrated
in a context of specific illustrative configurations. Other
allocations of functionality are envisioned and may fall
within a scope of various embodiments of the present
disclosure. In general, structures and functionality presented
as separate resources in the example configurations may be
implemented as a combined structure or resource. Similarly,
structures and functionality presented as a single resource
may be implemented as separate resources. These and other
variations, modifications, additions, and improvements fall
within the scope of embodiments of the present disclosure as
represented by the appended claims. The specification and
drawings are, accordingly, to be regarded in an 1illustrative
rather than a restrictive sense.

1. (canceled)

2. A non-transitory computer-readable storage medium
storing a set of mstructions that, when executed by one or
more computer processors, cause the one or more computer
processors to perform operations, the operations comprising;:

accessing data describing a three-dimensional environ-

ment;

partitioning data into a plurality of contexts based on

properties 1dentified in the data, the properties corre-
sponding to surfaces or objects in the three-dimensional
environment;
generating a network graph, wherein each layer of the
network graph represents a relation of one or more
relations, each vertex represents a context of the plu-
rality of contexts, and each edge on a layer represents
a valid match of the relation for the layer;

performing a search for one or more subgraph 1somor-
phisms of the network graph; and

matching a digital 1sland with a context of a plurality of

contexts based on a selection from the one or more
subgraph 1somorphisms.

3. The non-transitory computer-readable storage medium
of claim 2, further comprising;

identifying one or more values of one or more traits

corresponding to an additional context of the plurality
ol contexts;

matching an additional digital island to the additional

context, the matching including analyzing one or more
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conditions associated with the additional digital 1sland
with respect to the one or more values of the one or
more traits corresponding to the additional context and
a relation associated with one or more pairings of the
one or more values of the one or more traits corre-
sponding to the context and one or more values of the
one or more traits corresponding to the additional
context; and

based on the matching of the additional digital 1sland to
the context, spawning the additional digital 1sland in
the three-dimensional environment for the additional
context.

4. The non-transitory computer-readable storage medium

of claim 3, wherein the relation specifies a relative distance,
orientation, or size between the digital 1sland and the addi-

tional digital island.

5. The non-transitory computer-readable storage medium
of claim 3, the operations further comprising selecting the
digital 1sland as an optimal digital 1sland for the context
based on a measure of a quality of fit of the digital island
being higher than a measure of a quality of fit of the
additional digital 1sland for the context.

6. The non-transitory computer-readable storage medium
of claim 2, the operations further comprising marking the
context as used to prevent any additional digital 1slands from
being matched to the context again.

7. The non-transitory computer-readable storage medium
of claim 3, the operations further comprising spawning an
additional digital 1sland 1n the three-dimensional environ-
ment for the context based on a rule specifying that two or
more digital 1slands may occupy the context.

8. The non-transitory computer-readable storage medium
of claim 3, wherein the measure of the quality of the fit of
the digital 1sland for a context includes a score representing,
combined scores of each of the one or more values of the one
or more traits with respect to each of the one or more
conditions.

9. The non-transitory computer-readable storage medium
of claim 2, the operations further comprising:

determining a score for one or more relations between the
digital 1sland and the plurality of contexts; and

based on a scoring of each of the one or more subgraph
1Isomorphisms based on scores of each vertex and edge,
selecting the one or more subgraph i1somorphisms.

10. A method comprising:

accessing data describing a three-dimensional environ-
ment;

partitioming data into a plurality of contexts based on
properties 1dentified 1n the data, the properties corre-
sponding to surfaces or objects in the three-dimensional
environment:

generating a network graph, wherein each layer of the
network graph represents a relation of one or more
relations, each vertex represents a context of the plu-
rality of contexts, and each edge on a layer represents
a valid match of the relation for the layer;

performing a search for one or more subgraph 1somor-
phisms of the network graph; and

matching a digital island with a context of a plurality of
contexts based on a selection from the one or more
subgraph 1somorphisms.
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11. The method of claim 10, further comprising:

identifying one or more values ol one or more traits
corresponding to an additional context of the plurality
of contexts:

matching an additional digital island to the additional
context, the matching including analyzing one or more
conditions associated with the additional digital 1sland
with respect to the one or more values of the one or
more traits corresponding to the additional context and
a relation associated with one or more pairings of the
one or more values of the one or more traits corre-
sponding to the context and one or more values of the
one or more ftraits corresponding to the additional
context; and

based on the matching of the additional digital 1sland to
the context, spawning the additional digital 1sland in
the three-dimensional environment for the additional
context.

12. The method of claim 11, wherein the relation specifies

a relative distance, orientation, or size between the digital
1sland and the additional digital 1sland.

13. The method of claim 11, further comprising selecting
the digital 1sland as an optimal digital 1sland for the context
based on a measure of a quality of fit of the digital 1sland
being higher than a measure of a quality of fit of the
additional digital 1sland for the context.

14. The method of claim 10, further comprising marking
the context as used to prevent any additional digital 1slands
from being matched to the context again.

15. The method of claim 11, further comprising spawning
an additional digital i1sland 1n the three-dimensional envi-
ronment for the context based on a rule specitying that two
or more digital 1slands may occupy the context.

16. The method of claim 13, wherein the measure of the
quality of the fit of the digital 1sland for a context includes
a score representing combined scores of each of the one or
more values of the one or more traits with respect to each of
the one or more conditions.

17. The method of claim 10, further comprising:

determining a score for one or more relations between the
digital 1sland and the plurality of contexts; and

based on a scoring of each of the one or more subgraph
isomorphisms based on scores of each vertex and edge,
selecting the one or more subgraph 1somorphisms.

18. A system comprising:

one or more computer processors:

one or more computer memories;

a set of instructions stored 1n the one or more computer
memories, the set of instructions configuring the one or
more computer processors to perform operations, the
operations comprising;

accessing data describing a three-dimensional environ-
ment,

partitioning data into a plurality of contexts based on
properties 1dentified 1n the data, the properties corre-
sponding to surtaces or objects in the three-dimensional
environment;

generating a network graph, wherein each layer of the
network graph represents a relation of one or more
relations, each vertex represents a context of the plu-
rality of contexts, and each edge on a layer represents
a valid match of the relation for the layer;

performing a search for one or more subgraph 1somor-
phisms of the network graph; and
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matching a digital island with a context of a plurality of
contexts based on a selection from the one or more
subgraph 1somorphisms.
19. The system of claim 18, the operations further com-
prising:
identifying one or more values of one or more traits
corresponding to an additional context of the plurality
ol contexts;

matching an additional digital island to the additional
context, the matching including analyzing one or more
conditions associated with the additional digital 1sland
with respect to the one or more values of the one or
more traits corresponding to the additional context and
a relation associated with one or more pairings of the
one or more values of the one or more traits corre-
sponding to the context and one or more values of the
one or more traits corresponding to the additional
context; and

based on the matching of the additional digital 1sland to

the context, spawning the additional digital 1sland in
the three-dimensional environment for the additional
context.

20. The system of claim 19, wherein the relation specifies
a relative distance, orientation, or size between the digital
1sland and the additional digital 1sland.

21. The system of claim 19, the operations further com-
prising selecting the digital island as an optimal digital
island for the context based on a measure of a quality of it
of the digital 1sland being higher than a measure of a quality
of fit of the additional digital 1sland for the context.
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